To what extent are the behavioral differences that we recognize as male and female imposed by the environment or by our genes?
A single gene determines the type of gonad. The gonad in turn influences the hormonal environment of the developing fetus or infant. Specific tissues develop along sexually dimorphic lines in response to the combination of sex hormones to which they are exposed.
The gene for the testes determining factor is located on the Y chromosome in mammals.
Testes determining factor
Hormones have two fundamentally different effects on sexual behaviour:
Activational and organizational effects of hormones
Organizational effects refer to the effects of hormones during the early development of an animal Activational effects refer to the effects of hormones in the adult organism Exposure to hormones during a critical period of development changes the way in which the organism reacts to hormones in adulthood. This does not mean that early exposure to hormones has a permanent effect on behaviour. Instead it suggests that exposure to hormones in infancy affects how the adult reacts to hormones.
In adults, circulating steroid hormones primarily activate sexual responses.
Estrogen induces sexual receptivity in ovariectomized female rats in a dosedependent manner. After eight daily subcutaneous injections of estradiol benzoate, receptivity was measured by the lordosis quotient (number of lordotic responses of the subject divided by the number of mounts, multiplied by 100).
Perinatal hormones also determine the degree to which sex-linked behaviors are expressed by normal males and females.
In humans there is considerable variation in the amounts of testosterone and estrogen to which a developing fetus is exposed.
Female mice that develop between two male fetuses (2M females) have a higher concentration of testosterone.
Although 2M females reproduce normally, they are more aggressive, display erratic estrus cycles, begin to mate later, and cease to bear young earlier than 0M females.
The dosage of testosterone required to induce aggression in adult neonatally castrated males that develop between two male siblings is lower than that required for similarly castrated males that develop between two females.
(vom Saal and Bronson 1980 Sceince 208:597) Testosterone is the prohormone for dihydrotestosterone and estradiol
Estradiol is the masculinizing hormone for many sexually dimorphic brain characteristics.
The sexually dimorphic nucleus of the preoptic area of the rat is five-times larger in males than females.
Perinatal exposure leads to male phenotype! Neonatal hormone exposure influences volume of sexually dimorphic nucleus. Females androgenised with testosterone proprionate (TP) on day 4 have dose-related significantly larger volume than control (oil-treated ) females; volume is reduced in neonatally castrated males as compared with males castrated on day 21.
Redrawn from Gorski, In Kreiger & Hughes (Eds), Neuroendocrinology
Neurite growth is stimulated by estradiol.
Darkfield photomicrographs of silver-impregnated cultures of the hypothalamus of a newborn mouse.
Area covered by neurite outgrowith is 3-times greater.
Injections of testosterone in male rats castrated postnatally suppresses apoptosis.
Castrated at birth. On day five one group was given 500 micrograms of testosterone, the other group was given oil.
Human cerebral asymmetry is sexually dimorphic
Data from a behavioral test in which subjects had 10 seconds to manipulate new objects with the index and middle fingers. Then they tried to identify the object from pictures.
As early as age six, boys performed in a manner consistent with right-hemisphere specialization. Girls showed no evidence of hemisphere specialization until the age of 13.
In most right-handed individuals, the left cerebral hemisphere is specialized for language and related processing. The right hemisphere is specialized for 3D visualization, mental rotation, understanding the meaning of facial expressions.
Female brain may retain greater flexibility during development!
Language functions appear to transfer more readily to the right hemisphere in females than in males after damage to the left hemisphere in childhood. Kelly, 1991 The extended plasticity in females may explain why females have a lower incidence of developmental disorders associated with left-hemisphere dysfunction.
Dyslexia Developmental aphasia Autism
These functional MRI scans of composite data from 6 dyslexic adults and 8 controls show a horizontal slice through the brain, with the face at the top. Imaging shows atypical brain activity associated with dyslexia. The scans were performed while subjects tracked a pattern of moving dots on a computer screen. A brain area (V5/MT) normally active during such motion tasks did not switch on in dyslexic subjects (right). Their brain activity was more similar to that of controls during a pattern recognition task (left).
Dyslexic gender ratio 4.5 to 1 (Miles et al 1998 Summary -male and female brains differ -differ in structure -differ in asymmetry -differ in susceptibility to disorder -differ in behavior
These difference are the result of variation in levels of circulating sex hormones during critical periods in development.
The critical periods set the endocrine stage, influencing which neurons in the central nervous system respond to which hormones in the adults.
"Normal levels of testosterone are a prerequisite of normal levels of aggression. Yet if one male's genetic makeup predisposes him to higher levels of testosterone than the next guy, he isn't necessarily going to be more aggressive." Sapolsky. Discover 1997
Aggression and testosterone
Permissive effect -Hormone sets the neuronal stage for a behavior. Environment determines whether or not the behavior is appropriate.
For one or two hours after the match, T levels of winners are high relative to those of losers (Mazur and Lamb 1980; Elias 1981; Campbell et al. 1988; Booth et al. 1989 ; also see Johnsen and Zuk 1995, for the same effect in male red jungle fowl).
T levels of winners are high relative to those of losers following chess matches (Mazur et al. 1992 ) and contests of reaction time, (Gladue et al. 1989; McCaul et al. 1992) . Similar effects occur among sports fans who are not themselves participants in the physical competition. Following the 1994 World Cup soccer tournament in which Brazil beat Italy, T increased significantly in Brazilian fans who had watched the match on television, and decreased in Italian fans (Fielden et al. 1994 ).
